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(57) ABSTRACT 

A catheter for use in a patient's heart, especially for mapping 
a tubular region of the heart, has a catheter body, a deflectable 
intermediate section and a distal mapping assembly that has a 
generally circular portion adapted to sit on or in a tubular 
region of the heart. A control handle of the catheter allows for 
single-handed manipulation of various control mechanisms 
that can deflect the intermediate section and contract the 
mapping assembly by means of a deflection control assembly 
and a rotational control assembly. The deflection control 
assembly has a deflection arm and a rocker member. The 
rotational control assembly has an outer rotational member, 
an inner rotational member and a cam. A pair of puller mem 
bers are responsive to the deflection control assembly to bi 
directionally deflect the intermediate section. A third puller 
member is responsive to the rotational control assembly to 
contract the generally circular portion of the mapping assem 
bly. 
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CATHETER WITH MULT-FUNCTIONAL 
CONTROL HANDLE HAVING ROTATIONAL 

MECHANISM 

FIELD OF INVENTION 

0001. This invention relates to a catheter, in particular, a 
catheter with a control handle having multiple control mecha 
nisms for deflecting and contracting portions of the catheter. 

BACKGROUND 

0002 Electrode catheters have been in common use in 
medical practice for many years. They are used to stimulate 
and map electrical activity in the heart and to ablate sites of 
aberrant electrical activity. Atrial fibrillation is a common 
Sustained cardiac arrhythmia and a major cause of stroke. 
This condition is perpetuated by reentrant wavelets propagat 
ing in an abnormal atrial-tissue Substrate. Various approaches 
have been developed to interrupt wavelets, including Surgical 
or catheter-mediated atriotomy. Prior to treating the condi 
tion, one has to first determination the location of the wave 
lets. Various techniques have been proposed for making Such 
a determination, including the use of catheters with a map 
ping assembly that is adapted to measure activity within a 
pulmonary vein, coronary sinus or other tubular structure 
about the inner circumference of the structure. One such 
mapping assembly has a tubular structure comprising agen 
erally circular main region generally transverse and distal to 
the catheter body and having an outer circumference and a 
generally straight distal region distal to the main region. The 
tubular structure comprises a non-conductive cover over at 
least the main region of the mapping assembly. A Support 
member having shape-memory is disposed within at least the 
main region of the mapping assembly. A plurality of electrode 
pairs, each comprising two ring electrodes, are carried by the 
generally circular main region of the mapping assembly. 
0003. In use, the electrode catheter is inserted into a guid 
ing sheath which has been positioned a major vein or artery, 
e.g., femoral artery, and guided into a chamber of the heart. 
Within the chamber, the catheter is extended past a distal end 
of the guiding sheath to expose the mapping assembly. The 
catheter is maneuvered through movements that include 
deflection of a distal portion of the catheter so that the map 
ping assembly is positioned at the tubular region in the heart 
chamber. The ability to control the exact position and orien 
tation of the catheter and also the configuration of the map 
ping assembly is critical and largely determines how useful 
the catheter is. 
0004 Steerable catheters are generally well-known. For 
example, U.S. Pat. No. Re 34,502 describes a catheter having 
a control handle comprising a housing having a piston cham 
berat its distal end. A piston is mounted in the piston chamber 
and is afforded lengthwise movement. The proximal end of 
the elongated catheter body is attached to the piston. A puller 
wire is attached to the housing and extends through the piston, 
through the catheter body, and into a tip section at the distal 
end of the catheter body. The distal end of the puller wire is 
anchored in the tip section of the catheter. In this arrangement, 
lengthwise movement of the piston relative to the housing 
results in deflection of the catheter tip section. 
0005. The design described in U.S. Pat. No. RE 34,502 is 
generally limited to a catheter having a single puller wire. If 
bi-directional deflection is desire, more than one puller wire 
becomes necessary. Moreover, if more control is desired, 
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Such as contraction of the mapping assembly, an additional 
puller wire is needed. Space is limited within a control handle 
and operation of puller wire control mechanisms must not 
interfere with components that extend through the control 
handle, such as lead wires, cables, and irrigation tubing. 
Moreover, it is desirable that the control mechanisms be 
arranged such that the catheter can be operated single-hand 
edly by the user. Accordingly, a need exists for a control 
handle capable of moving three puller wires for at least two 
independent movements, such as bi-directional deflection of 
the catheter shaft and contraction of the mapping assembly, 
preferably through a single-handed manipulation of the user. 

SUMMARY OF THE INVENTION 

0006. The present invention is directed to a catheter for use 
in a patient's heart, especially for mapping a tubular region of 
the heart. In one embodiment, the catheter has a catheter body 
and a deflectable intermediate section distal the catheter body. 
Distal the intermediate section is a mapping assembly that has 
a generally circular portion adapted to sit on or in a tubular 
region of the heart. A control handle of the catheter allows for 
single-handed manipulation of various control mechanisms 
that can deflect the intermediate section and contract the 
mapping assembly by means of a deflection control assembly 
and a rotational control assembly. The deflection control 
assembly has a deflection arm and a rocker member. The 
rotational control assembly has an outer rotational member, 
an inner rotational member and a cam. A pair of puller mem 
bers are responsive to the deflection control assembly to bi 
directionaly the intermediate section. A third puller member 
is responsive to the rotational control assembly to contract the 
generally circular portion of the mapping assembly. 
0007. In a more detailed embodiment, a proximal end of 
the third puller member is anchored in the rotational control 
assembly, such that rotation of the outer rotational member by 
a user moves the third puller member longitudinally relative 
to the catheter body. The outer rotational member generally 
Surrounds the inner rotational member and the inner rota 
tional member is rotatably mounted on the cam. The control 
assembly includes a follower to which a proximal end of the 
third puller member is anchored and the follower is adapted to 
follow the movement of the inner rotational member so as to 
slide in a track formed on the cam. In a more detailed embodi 
ment, the track is helical on the cam, and the outer and inner 
rotational members are rotationally coupled by formations, 
that include interlocking teeth or fingers that engage holes. 
0008. The rotational control assembly can be arranged 
such that the inner rotational member and the outer rotational 
member have a common rotational axis, or different rota 
tional axes. Moreover, the rotational control assembly can be 
located either proximally or distally of the deflection control 
assembly. The control handle can include a tension control 
assembly adapted to adjust tension of the deflection control 
assembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009. These and other features and advantages of the 
present invention will be better understood by reference to the 
following detailed description when considered in conjunc 
tion with the accompanying drawings. It is understood that 
selected Structures and features have not been shown in cer 
tain drawings So as to provide better viewing of the remaining 
structures and features. 
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0010 FIG. 1 is a top plan view of one embodiment of the 
catheter of the present invention. 
0.011 FIG.2a is a side cross-sectional view of an embodi 
ment of a junction of a catheter body and an intermediate 
section, taken along a first diameter 
0012 FIG.2b is a side cross-sectional view of the embodi 
ment of the junction of FIG. 2a, taken along a second diam 
eter generally perpendicular to the first diameter. 
0013 FIG. 3 is a side view of a distal portion of the cath 
eter of FIG. 1, including an intermediate section and a map 
ping assembly. 
0014 FIG. 4 is a longitudinal cross-sectional view of the 
intermediate section of FIG. 3, taken along line 4-4. 
0015 FIG. 5 is a schematic view of the mapping assembly 
showing one arrangement of the ring electrodes. 
0016 FIG. 6 is a longitudinal cross-sectional view of the 
mapping assembly of FIG.3 along line 6-6. 
0017 FIG. 7 is a side cross-sectional view of an embodi 
ment of a distal end of the mapping assembly of FIG. 3. 
0.018 FIG. 8a is a side cross-sectional view of an embodi 
ment of a junction between the intermediate section and the 
mapping assembly, taken along a first diameter. 
0.019 FIG. 8b is a side cross-sectional view of an embodi 
ment of a junction between the intermediate section and the 
mapping assembly, taken along a second diameter generally 
perpendicular to the first diameter. 
0020 FIG. 9 is a top plan view of an embodiment of a 
control handle housing half including an embodiment of a 
deflection control assembly. 
0021 FIG. 10 is a top perspective view of an embodiment 
of a rocker member of a deflection control assembly. 
0022 FIG. 11 is a bottom perspective view of an embodi 
ment of a rocker member. 
0023 FIG. 12 is a side view of an embodiment of a pulley 
of a deflection control assembly. 
0024 FIG.13a-13a are schematics of an embodiment of 
the deflection control assembly in neutral and rotated con 
figurations. 
0025 FIG. 14 is alongitudinal cross section of an embodi 
ment of the deflection control assembly and tension control 
assembly mounted on a control handle. 
0026 FIG. 14a is a detailed view of a portion of FIG. 14, 
including an embodiment of a retaining nut and a tension 
SCCW. 

0027 FIG. 15 is a partial perspective view of an embodi 
ment of a first control handle housing half. 
0028 FIG. 16 is a perspective view of an embodiment of a 
deflection arm. 
0029 FIG. 17 is a perspective view of an embodiment of a 
tension control dial. 
0030 FIG. 18 is a perspective view of an embodiment of a 
locking plate. 
0031 FIG. 19 is a partial perspective view of a portion of 
an embodiment of a control handle. 
0032 FIG. 20 is a partial perspective view of a portion of 
an embodiment of a deflection arm and a tension control 
member mounted on a control handle. 
0033 FIG. 21 is a partial perspective view of a portion of 
an embodiment of a second control handle housing half and a 
retaining nut, the second control housing half adapted to 
oppose the first control handle housing half. 
0034 FIG. 22 is a perspective view of the tension control 
dial of FIG. 17 and locking plate of FIG. 18 as assembled. 
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0035 FIG. 23 is an exploded perspective view of an 
embodiment of a rotational control assembly. 
0036 FIG. 24 is a side cross-sectional view of the rota 
tional control assembly of FIG. 23, as assembled on a control 
handle. 
0037 FIG.25 is a longitudinal cross-sectional view of the 
rotational control assembly of FIG. 24, taken along line b-b. 
0038 FIG. 26 is a longitudinal cross-sectional view of the 
rotational control assembly of FIG. 24, taken along line a-a. 
0039 FIG. 27 is an exploded perspective view of an alter 
nate embodiment of a rotational control assembly. 
0040 FIG. 28 is a side cross-sectional view of the rota 
tional control assembly of FIG. 27, as assembled on a control 
handle. 
0041 FIG. 29 is a longitudinal cross-sectional view of the 
rotational control assembly of FIG. 27, taken along line a-a. 
0042 FIG. 30 is a longitudinal cross-sectional view of the 
rotational control assembly of FIG. 27, taken along line b-b. 
0043 FIG.31 is a longitudinal cross-sectional view of the 
rotational control assembly of FIG. 27, taken along line c-c. 
0044 FIG. 32 is a partial perspective view of an alternate 
embodiment of a control handle housing half. 

DETAILED DESCRIPTION OF THE INVENTION 

0045 Referring to FIG. 1, the present invention is directed 
to a catheter 10 with multiple control capabilities for mapping 
and/or ablation of the heart. In the illustrated embodiment of 
FIG. 1, a catheter 10 comprises an elongated catheter body 
12, a deflectable intermediate section 14 at a distal end of the 
catheter body 12, a tip section 15 including a mapping assem 
bly 17 at a distal end of the intermediate section 14, and a 
multi-functional control handle 16 at a proximal end of the 
catheter body 12 for controlling portions of the catheter, for 
example, deflecting the intermediate section 14 and contract 
ing the mapping assembly 17. 
0046. With reference to FIGS. 2A and 2B, the catheter 
body 12 comprises a single, central or axial lumen 18. The 
catheter body 12 is flexible, i.e., bendable, but substantially 
non-compressible along its length. The catheter body 12 may 
be of any Suitable construction and made of any Suitable 
material. A suitable construction comprises an outer wall 22 
made of a polyurethane or nylon. The outer wall 22 comprises 
an imbedded braided mesh of stainless steel or the like to 
increase torsional stiffness of the catheter body 12 so that, 
when the control handle 16 is rotated, the tip section of the 
catheter 10 will rotate in a corresponding manner. 
0047. The outer diameter of the catheter body 12 is not 
critical, but is preferably no more than about 8 French. Like 
wise the thickness of the outer wall 22 is not critical. The inner 
surface of the outer wall 22 is lined with a stiffening tube 20, 
which can be made of any suitable material, e.g., polyimide. 
The stiffening tube 20 is held in place relative to the outer wall 
22 at the proximal end of the catheter body 12. A first glue 
joint 23 is made between the distal ends of the stiffening tube 
20 and the outer wall 22 by a fast drying glue, e.g. Super 
Glue.RTM. Thereafter a second glue joint 25 is formed 
between the proximal ends of the stiffening tube 20 and outer 
wall 22 using a slower drying but stronger glue, e.g., poly 
urethane. 
0048. The stiffening tube, along with the braided outer 
wall 22, provides improved torsional stability while at the 
same time minimizing the wall thickness of the catheter, thus 
maximizing the diameter of the single lumen. The outer diam 
eter of the stiffening tube 20 is about the same as or slightly 
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smaller than the inner diameter of the outer wall 22. Polyim 
ide tubing is suitable because it may be verythin walled while 
still providing very good stiffness. This maximizes the diam 
eter of the central lumen 18 without sacrificing strength and 
stiffness. Polyimide material is typically not used for stiffen 
ing tubes because of its tendency to kink when bent. However, 
it has been found that, in combination with an outer wall 22 of 
polyurethane, nylon or other similar material, particularly 
having a stainless steel braided mesh, the tendency for the 
polyimide stiffening tube 20 to kink when bent is essentially 
eliminated with respect to the applications for which the 
catheter is used. 

0049. In one embodiment, the outer wall 22 has an outer 
diameter of about 0.092 inch and an inner diameter of about 
0.063 inch and the polyimide stiffening tube 20 has an outer 
diameter of about 0.0615 inch and an inner diameter of about 
0.052 inch. 

0050. As shown in FIGS. 2A, 2B and 4, the intermediate 
section 14 comprises a shorter section of tubing 19 with 
multiple off-axis lumens, for example, first, second, third and 
fourth lumens 30, 31, 32 and 33. The tubing 19 is made of a 
suitable non-toxic material which is preferably more flexible 
than the catheter body 12. A suitable material for the tubing 
19 is braided polyurethane, i.e., polyurethane with an embed 
ded mesh of braided stainless steel or the like. The outer 
diameter of the intermediate section 14, like that of the cath 
eter body 12, is preferably no greater than about 8 French. The 
size of the lumens is not critical. In one embodiment, the 
intermediate section has an outer diameter of about 7 French 
(0.092 inch)and the lumens are generally about the same size, 
having a diameter of about 0.022 inch, or selected lumens can 
have a slightly larger diameter of about 0.036 inch. 
0051. A means for attaching the catheter body 12 to the 
intermediate section 14 is illustrated in FIGS. 2A and 2B. The 
proximal end of the intermediate section 14 comprises an 
inner counter bore 24 that receives the outer surface of the 
polyimide stiffener 20. The intermediate section 14 and cath 
eter body 12 are attached by glue 29 or the like. 
0052. As shown in FIGS. 2A and 2B, extending through 
the single lumen 18 of the catheter body 12 are various com 
ponents, for example, lead wires and multiple puller mem 
bers, and any other wires or cables. Longitudinal movement 
of the puller members relative to the catheter body 12 enable 
user control of various parts of the catheter via the control 
handle. In one embodiment, the puller members include a pair 
of deflection puller members 42 for deflecting the intermedi 
ate section 14 and a contraction puller member 35 for adjust 
ing the mapping assembly 17 of the tip section 15. 
0053 A single lumen catheter body 12 can be preferred 
over a multi-lunen body because the single lumen 18 body 
can permit better tip control when rotating the catheter 10. 
The single lumen 18 permits the components passing there 
through to float freely within the catheter body. If such com 
ponents were restricted within multiple lumens, they can 
buildup energy when the handle 16 is rotated, resulting in the 
catheter body 12 having a tendency to rotate back if, for 
example, the handle is released, or if bent around a curve, to 
flip over, either for which are undesirable performance char 
acteristics. 
0054. A deflection puller member 42 extends through the 
central lumen 18 of the catheter body 12 and into the second 
lumen 31 of the intermediate section 14. Another deflection 
puller member 42 extends through the central lumen 18 and 
into the fourth lumen 33 of the intermediate section 14. The 
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distal ends of the deflection puller members 42 are anchored 
to the wall of the tubing 19 near the distal end of the interme 
diate section 14 by means of T-anchors 83 (FIG. 8B). In the 
intermediate section 14, each deflection puller members 42 
extends through a plastic, e.g., Teflon. RTM., sheath 81, which 
prevents the deflection puller members 42 from cutting into 
the wall of the tubing 19 of the intermediate section 14 when 
the intermediate section 14 is deflected. 
0055 As shown in FIG. 2B, compression coils 44 in Sur 
rounding relation to the deflection puller members 42 extend 
from the proximal end of the catheter body 12 to the proximal 
end of the intermediate section 14. The compression coils 44 
are made of any Suitable metal, e.g., stainless steel. The com 
pression coils 44 are tightly wound on itself to provide flex 
ibility, i.e., bending, but to resist compression. The inner 
diameter of the compression coils 44 is preferably slightly 
larger than the diameter of the puller wires 42. For example, 
when a puller member 42 has a diameter of about 0.007 
inches, the compression coil 44 preferably has an inner diam 
eter of about 0.008 inches. The Teflon. RTM. coating on the 
puller member 42 allows them to slide freely within the 
compression coils 44. The outer Surface of the compression 
coils 44 is covered by a flexible, non-conductive sheath 27 to 
prevent contact between the compression coils 44 and other 
components, such as lead wires and cables, etc. A non-con 
ductive sheath can be made of polyimide tubing. 
0056. The compression coils 44 are anchored at their 
proximal ends to the proximal end of the stiffening tube 20 in 
the catheterbody 12 by gluejoint 50 (FIG.2B) and at its distal 
end near the proximal end of the intermediate section 14 in the 
second lumen 31 and fourth lumen 33 by glue joints 49 (FIG. 
2B). 
0057 With reference to FIG. 3, at the distal end of the 
intermediate shaft 14 is the mapping assembly 17. The map 
ping assembly 17 comprises a generally straight proximal 
region 38 and a generally circular main region39. The proxi 
mal region 38 is mounted on the intermediate section 14, as 
described in more detail below, so that it is generally a linear 
extension of the intermediate section 14. In one embodiment, 
the proximal region 38 has an exposed length, e.g., not con 
tained within the intermediate section 14, ranging from about 
3 mm to about 12 mm, more preferably about 3 mm to about 
8 mm, still more preferably about 5 mm, but can vary as 
desired. 
0058. The generally circular main region 39 is generally 
traverse, if not also perpendicular, to the catheter body 12. 
The generally circular main region 39 can form a flat circle or 
can be very slightly helical. In one embodiment, the main 
region 39 has an outer diameter ranging from about 10 mm to 
about 25 mm, more preferably about 12 mm to about 20 mm. 
The generally circular main region 39 can curve in a clock 
wise direction or a counterclockwise direction. As shown in 
FIGS. 5, 6 and 7, the mapping assembly 17 is formed of a 
non-conductive cover or tubing 52 which can have any cross 
sectional shape as desired. The non-conductive cover 52 can 
be made of any suitable material, and is preferably made of a 
biocompatible plastic such as polyurethane or PEBAX. The 
non-conductive cover 52 can be pre-formed into the desired 
generally circular shape of the generally circular main region 
39. Alternatively, the shape of the generally circular main 
region 39 can be defined by a wire or other component extend 
ing through the non-conductive cover 52. 
0059. In the depicted embodiment, a pre-formed support 
member 54 extends through the non-conductive cover 52 to 
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define the shape of the generally circular main region 39. The 
Support member 54 is made of a material having shape 
memory, i.e., that can be straightened or bent out of its origi 
nal shape upon exertion of a force and is capable of Substan 
tially returning to its original shape upon removal of the force. 
On suitable material for the support member 54 is a nickel/ 
titanium alloy. Such alloys typically comprise about 55% 
nickel and 45% titanium, but may comprise from about 54% 
to about 57% nickel with the balance being titanium. A suit 
able nickel/titanium alloy is Nitinol, which has excellent 
shape memory, together with ductility, strength, corrosion 
resistance, electrical resistivity and temperature stability. 
0060 A series of ring electrodes 26 are mounted on the 
non-conductive cover 52 of the generally circular main region 
39 of the mapping assembly 17, as shown in FIG. 5. The ring 
electrodes 26 can be made of any suitable solid conductive 
material. Such as platinum or gold, or a combination of plati 
num and iridium, and mounted onto the non-conductive cover 
52 with glue or the like. Alternatively, the ring electrodes 26 
can beformed by coating the non-conductive cover 52 with an 
electrically conducting material, like platinum, gold and/or 
iridium. The coating can be applied using sputtering, ion 
beam deposition or an equivalent technique. A Suitable map 
ping assembly is described in U.S. Pat. No. 7,274.957, the 
entire disclosure of which is hereby incorporated by refer 
ence. If desired, additional electrodes (not shown) could be 
mounted along the intermediate section 14 and/or the gener 
ally straight proximal section 38. 
0061. The contraction puller member 35, for example, a 
contraction puller wire, is provided to contract the generally 
circular main region 39 to thereby change or reduce its diam 
eter, for example, when mapping or ablating circular or tubu 
lar regions of the heart. The contraction wire 35 has a proxi 
mal end anchored in the control handle 16, which is used to 
manipulate the contraction wire as described further below. 
The contraction wire 35 extends through the central lumen 18 
of the catheter body 12, through the third lumen 32 of the 
intermediate section 14 and into the non-conductive cover 52 
of the mapping assembly 17. The portion of the contraction 
wire 35 extending through the non-conductive cover 52 is 
positioned on the side of the generally circular main region 39 
closer to the center of the generally circular main region, as 
best shown in FIG. 6. The center of the generally circular 
main region refers to the center of the circle formed by the 
generally circular main region. With this arrangement, con 
traction of the generally circular main region 39 is dramati 
cally improved over arrangements where the position of the 
contraction wire 35 is not so controlled. 

0062. As shown in FIGS. 5 and 6, within the mapping 
assembly 17, the contraction wire 35 extends through a plas 
tic tube 55. In one embodiment, the plastic tube 55 comprise 
three layers, including an inner layer of polyimide over which 
a braided layer is formed, the braided layer comprising a 
braided stainless steel mesh or the like, as is generally known 
in the art. The braided layer enhances the strength of the 
plastic tube 55, reducing the tendency for contraction wire 35 
to straighten the preformed curve of the mapping assembly 
17. A thin plastic layer of polytetrafluoroethylene is provided 
over the braided layer to protect the braided layer from getting 
tangled with the lead wires 40 within the non-conductive 
cover 52. The plastic tube 55 has a proximal end anchored to 
the distal end of the intermediate section 14 in the third lumen 
32 by glue or the like (FIG. 8a). The support member 54 
extends through the plastic tube 55 with the contraction wire 
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35 (FIG. 8a). The distal ends of the support member 54 and 
the contraction wire 35 are soldered or otherwise attached to 
a small stainless steel tube 53 (FIG. 7). With this arrangement, 
the relative positions of the contraction wire 35 and the Sup 
port member 54 can be controlled so that the contraction wire 
can be positioned on the side of the generally circular region 
39 closer to the center of the generally circular region 39, as 
described above. The contraction wire 35 on the inside of the 
curve pulls the support member 54 to the inside of the curve, 
enhancing contraction of the generally circular region 39. 
Further, when the plastic tube 55 includes a braided layer, it 
keeps the contraction wire 35 from tearing through the non 
conductive cover 52. 
0063 A third compression coil 46 is situated within the 
catheter body 12 and intermediate section shaft 14 in sur 
rounding relation to the contraction wire 35 (FIG. 2A). The 
third compression coil 46 extends from the proximal end of 
the catheter body 12 to near the distal end of the third lumen 
32 of the intermediate section 14. The third compression coil 
46 is made of any Suitable metal, e.g., stainless steel, and is 
tightly wound on itself to provide flexibility, i.e., bending, but 
to resist compression. The inner diameter of the third com 
pression coil 46 is preferably slightly larger than the diameter 
of the contraction wire 35. The outer surface of the compres 
sion coil 46 is covered by a flexible, non-conductive sheath 
68, e.g., made of polyimide tubing. The third compression 
coil 46 can beformed of a wire having a square or rectangular 
cross-sectional area, which makes it less compressible than a 
compression coil formed from a wire having a circular cross 
sectional area. As a result, the third compression coil 46 keeps 
the catheter body 12, and particularly the intermediate section 
14, from deflecting when the contraction wire 35 is manipu 
lated to contract the mapping assembly 17 as it absorbs more 
of the compression. 
0064. The third compression coil 46 is anchored at its 
proximal end to the outer wall 20 of the catheter body 12 by 
the proximal glue joint 50 and to the intermediate section 14 
by distal glue joint 72. 
0065. It is understood that glue joints throughout the cath 
eter 10 may comprise polyurethane glue or the like. The glue 
may be applied by means of a Syringe or the like through a 
hole made in the tubing walls. Such a hole may beformed, for 
example, by a needle or the like that punctures the tubing 
walls where the needle is heated sufficiently to form a per 
manent hole. The glue is then introduced through the hole to 
wick around the component(s) within the tubing to form a 
gluejoint about the entire circumference of the component(s). 
0066. In the depicted embodiment of FIG. 7, the distalend 
of the mapping assembly 17 is sealed closed with a dome 51 
of polyurethane glue or the like. A short ring 56, made of 
metal or plastic, and e.g., polyamide, is mounted within the 
distal end of the non-conductive cover 52. The short ring 56 
prevents the distal end of the non-conductive cover 52 from 
collapsing, there by maintaining the diameter of the non 
conductive cover at its distal end. 

0067. At the junction of the intermediate section 14 and 
the mapping assembly 17 as shown in FIGS. 8a and 8b, the 
non-conductive cover 52 is attached to the intermediate sec 
tion 14 by glue or the like. The plastic tube 55 has its proximal 
end inserted and glued in the distal end of the intermediate 
section 14. The glue (not shown) from the plastic tube 55 can 
further serve to anchor the distal end of the third compression 
coil 46 in place within the third lumen32. The support mem 
ber 54 extends from the third lumen32 into the plastic tube 55 
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within the non-conductive cover 52. The proximal end of the 
Support member 54 terminates a short distance proximally 
from the distalend of the third lumen32, approximately about 
5 mm, so as not to adversely affect the ability of the interme 
diate section 14 to deflect. However, if desired, the proximal 
end of the support member 54 can extend proximally further 
into the intermediate section 14 and/or the catheter body 12. 
0068. The lead wires 40 attached to the ring electrodes 26 
extend through the first lumen 30 of the intermediate section 
14 (FIG. 2A), through the central lumen 18 of the catheter 
body 12, through the control handle 16, and terminate at their 
proximal end in a connector (not shown) which is connected 
to an appropriate monitor or other device for receiving and 
displaying the information received from the ring electrodes 
26. The portion of the lead wires 40 extending through the 
central lumen 18 of the catheter body 12, control handle 16 
and proximal end of the intermediate section 14 is enclosed 
within a protective sheath 62, which can be made of any 
suitable material, such as polyimide. The protective sheath 62 
is anchored at its distal end to the proximal end of the inter 
mediate section 14 by gluing it in the lead wire lumen 30 with 
polyurethane glue or the like to form glue joint 73. 
0069. The lead wires 40 are attached to the ring electrode 
26 by any conventional technique. In one embodiment, each 
ring electrode 26 is mounted by first forming a hole in the 
non-conductive cover 52. An electrode lead wire 40 is fed 
through the hole, and the ring electrode 26 is welded in place 
over the lead wire and non-conductive cover 52. 

0070. With reference to FIG. 1, the control handle 16 
comprises a generally elongated handle housing, which can 
be made of any Suitable rigid material. Such as plastic con 
figured through a suitable molding process. In the illustrated 
embodiment, the housing includes two opposing halves 16a 
and 16b that generally mirror each other and are joined by 
glue, Sonic welding or other Suitable means along a longitu 
dinal peripheral seam 28 around the housing. In the illustrated 
embodiment, the cross section of the handle 16 formed by the 
opposing halves changes along the length of the handle. A 
more distal portion 112 has a smaller, generally rectangular 
cross section. A mid-portion 114 has a larger, generally rect 
angular cross section. A more proximal portion 116 has a 
generally circular cross section. 
(0071. In the illustrated embodiment of FIGS. 1 and 9, the 
control handle 16 houses components of a deflection control 
assembly 74 in the mid-portion 114. The deflection control 
assembly includes a deflection member or arm 75 that can be 
directly manipulated by an operator to control deflection of 
the intermediate section 14. The deflection arm 75 is rotatable 
about an axis 76 that is generally transverse or perpendicular 
to the longitudinal axis of the control handle. The deflection 
control assembly 74 has a rotatable rocker member 78 that 
acts on the deflection puller members 42 to deflect the inter 
mediate section 14. 

0072 The rocker member 78 has a length L dimension, a 
width W dimension and a thickness T dimension (FIGS. 10 
and 1). Along its thickness dimension T, the rocker member 78 
is configured with two opposing annular formations 14.0a and 
140b that define a central hole or passage 143 that extends 
through its entire thickness. The central hole 143 is aligned 
with the rotational axis 76 of the deflection arm 75. Along its 
length dimension L, the rocker member 78 also has two 
smaller holes 146 that oppose each other across the central 
hole 143. In each hole sits a pulley 147, for example, a snap 
bearing (FIG. 12), that has a rotational axis parallel to the axis 
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76. Each deflection puller member 42 enters the rocker mem 
berthrough slots 148 and a portion is wound around a respec 
tive pulley 147. 
0073. As understood by one of ordinary skill in the art, the 
rocker member 78 and the pulleys 147 are arranged such that 
rotation of the rocker member in one direction about the axis 
76 draws back one puller member 42 to deflect the interme 
diate section 14 in that direction. With reference to FIGS. 
13a-13c, as the rocker member 78 is rotated by means of the 
deflection arm (as represented by line 75), the pulleys 147 are 
displaced from a neutral position (FIG.13a) with one pulley 
147 drawing a puller member 42 on one side of the catheter 
body 12 against its anchored proximal end for deflecting the 
intermediate section 14 toward that side (FIGS. 13b and 13c). 
0074 Each deflection puller member 42 may comprise 
multiple segments. As illustrated in FIG. 9, each deflection 
puller member has a distal puller wire 42a and a proximal 
fiber 42b that are joined or connected at a location within the 
control handle 16 distal the rocker member 78. The puller 
wire 42a and the tensile fiber 42b of each deflection puller 
member are connected or secured to each other by a connector 
154, e.g., a crimped brass ferrule covered by shrink tubing. 
Each puller wire 42a extends through the catheter body 12 
and the intermediate section 14. Each tensile fiber 42b 
extends inside the control handle 16. In this manner, it is the 
more flexible tensile fibers 42b that interact with the pulleys 
147 and undergo repeated bending and straightening during 
deflection operations, as they are less prone to bending stress 
and fatigue failure. 
0075 Each puller wire 42a is made of any suitable metal, 
such as stainless steel or Nitinol. Preferably each puller wire 
has a low friction coating, such as a coating of Teflon. RTM. or 
the like. Each puller wire has a diameter preferably ranging 
from about 0.006 inch to about 0.012 inch. Preferably both of 
the puller wires have the same diameter. Flat puller wires may 
be used in place of round puller wires. Their cross sectional 
dimensions should be such that they provide comparable 
tensile strengths as round puller wires. 
0076 Each tensile fiber 42b may be of a high modulus 
fiber material, preferably having an ultimate tensile strength 
substantially in the range of 412-463 ksi (2480-3200 Mpa) 
such as High Molecular Density Polyethylene (e.g., Spec 
traTM or DyneemaTM), a spun para-aramid fiber polymer (e.g., 
KevlarTM) or a melt spun liquid crystal polymer fiber rope 
(e.g., VectranTM), or a high strength ceramic fiber (e.g., Nex 
telTM). The term fiber is used herein interchangeably with the 
term fibers in that the tensile fiber may be of a woven or 
braided construction. In any case, these materials tend to be 
flexible, providing suitable durability when used in wrapped 
engagement with the pulleys and the like for greater throw in 
deflecting the catheter tip. Further, they are substantially non 
stretching, which increases the responsiveness to the manipu 
lation of the control handle, and nonmagnetic so that they 
generally appear transparent to an MRI. The low density of 
the material causes it to be generally transparent to an X-ray 
machine. The materials can also be nonconductive to avoid 
shorting. VectranTM, for example, has high strength, high 
abrasion resistance, is an electrical insulator, nonmagnetic, is 
polymeric, and has low elongation under Sustained loading 
conditions. 

0077. In the illustrated embodiment of FIG.9, each tensile 
fiber 42b extends proximally from the connector 154 toward 
the rocker member 78 where each is wound around a respec 
tive pulley 147 and turns about 180 degrees to double back 
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rocker member 78 to rotate freely within a predetermined 
range of angles, e.g., about it45 degrees of the longitudinal 
axis of the control handle 16, without interference by the 
tubing 152 and the components therethrough. 
0087 Alternatively, the components extending through 
the control handle, with the exception of the contraction wire 
35, are routed on an off-axis path 153 diverging from the 
deflection puller members 42 at entry into the distal end of the 
control handle 16. The components thus extend along the 
periphery of the housing handle, bypassing the rocker mem 
ber 78. 

0088. It is understood that the distance between the distal 
end of the compression coils 44 and the distal anchor sites of 
each deflection puller members 42 in the intermediate section 
14 determines the curvature of the intermediate section 14 in 
the direction of the deflection puller members. For example, 
an arrangement wherein the two deflection puller members 
42 are anchored at different distances from the distal ends of 
the compression coils 44 allows a long reach curve in a first 
plane and a short reach curve in a plane 90.degree. from the 
first, i.e., a first curve in one plane generally along the axis of 
the intermediate section 14 before it is deflected and a second 
curve distal to the first curve in a plane transverse, and pref 
erably normal to the first plane. The high torque characteristic 
of the catheter intermediate section 14 reduces the tendency 
for the deflection in one direction to deform the deflection in 
the other direction. Suitable deflection control handles and 
parts thereof for use with such a catheter are described in U.S. 
patent application Ser. No. 08/924,611, filed Sep. 5, 1997, 
entitled “Omni-Directional Steerable Catheter, Ser. No. 
09/130,359, filed Aug. 7, 1998, entitled “Bi-Directional Con 
trol Handle for Steerable Catheter', and Ser. No. 09/143,426, 
filed Aug. 28, 1998, entitled “Bidirectional Steerable Cath 
eter with Bidirectional Control Handle', the entire disclo 
sures of which are hereby incorporated by reference. 
0089 For adjusting the mapping assembly 17 by means of 
a third puller member, e.g., the contraction wire 35, a distal 
end of the contraction wire extending between the two deflec 
tion puller members 42 within the control handle is anchored 
in the control handle for actuation by means of a rotational 
control assembly 200. In the illustrated embodiment of FIGS. 
22, the rotational control assembly 200 includes an outer 
rotational member (or control knob) 202, a cam 206 whose 
body 207 supports an inner rotational member (or gear) 204, 
the combination of which effectuates longitudinal movement 
of the contraction wire 35 relative to the catheter body 12, for 
example, to contract and expand the mapping assembly 17. 
With reference to FIGS. 23-25, the proximal portion 116 of 
the control handle 16 on which the rotational control assem 
bly is mounted has a generally circular cross section of an 
inner diameter D1 and an outer diameter D2. In the disclosed 
embodiment, the rotational control assembly 200 is posi 
tioned proximal the deflection control assembly 74, although 
it is understood that it can be positioned distal the deflection 
control assembly 74. 
0090. In the disclosed embodiment, the outer rotational 
control knob 202 is mounted on the proximal portion 116 of 
the control handle. The knob 202 formed from two halves 
202a, 202b adapted for snap-fit or joined by glue or sonic 
welding to each other is received in an outer circumferential 
recess 208 (see also FIG. 15) formed in the outer surface of 
control handle 16. The outer control knob 202 when 
assembled from the halves 202a, 202b is generally cylindri 
cal, for example, in the shape of a ring, with an inner diameter 
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D3 that is slightly greater than the recess 208 so that the knob 
202 can be rotated around the control handle 16 within the 
recess 208. There can be circumferential contact between the 
knob 202 and the control handle 16 so long as the knob can be 
rotated in the recess 208. So mounted on the control handle, 
the knob is concentric with the proximal portion 116 of the 
control handle so that rotation of the knob is on axis with the 
longitudinal axis of the control handle. An outer surface of the 
knob has friction-inducing formations 210 to facilitate rota 
tion of the knob 202 by a user of the catheter. A portion of the 
knob may have a diameter D4 that is greater than the outer 
diameter D2 of the handle. 

0091. The cam 206 on which the gear 204 is supported has 
a cylindrical body 207, and a collar 209 at a distal end. The 
gear 204 is mounted on the cylindrical body 207 of the cam so 
that the longitudinal axis of the cam 206 defines the rotational 
axis of the gear 204. The gear rotate on and about the cam 206. 
A portion of the collar 209 (e.g., a bottom portion in FIG. 23) 
is received in and affixed to a recess 230 (FIG. 15) formed in 
the inner Surface of the control handle housing at a location X. 
The affixation of the collar 209 secures the cam 206 to the 
handle 16, and hence fixes the rotational axis of the gear 204 
within and relative to the handle 16. 
0092. For rotationally coupling the knob 202 and the gear 
204, for example, engaging and imparting rotational move 
ment from the knob to the gear, inner surface of the knob 202 
and outer Surface of the gear 204 have formations such as 
interlocking teeth 212 and 214 (FIG. 24). In the illustrated 
embodiment, outer diameter D5 of the gear 204 is signifi 
cantly smaller than the diameter D1 of the cross section of the 
handle 16 and the diameters D3 and D4 of the control knob 
202, for example, by 50% or more, such that the axis of 
rotation of the gear 204 is off axis from the rotational axis of 
the knob 202 and the longitudinal axis of the control handle. 
Thus, only a portion of the teeth 212 and 214 engage each 
other at any one time. 
0093. The engagement between the teeth occurs through 
an opening or hole 220 (FIG. 24) formed in the handle 16 by 
the joinder of radial cutouts 222 (FIG. 15) in the two control 
handle housing halves 16a and 16b. It is understood that the 
opening 220 is not limited to the location illustrated but can be 
at any location around the circumference of the handle 16. 
The opening 220 in the handle 16 through which the teeth 
212, 214 of the gear 204 and the outer ring 202 intermesh is 
immediately adjacent to the location X of the collar 209. In 
the illustrated embodiment, the opening 220 is immediately 
proximal the location X, although it is understood that the 
cam 206 can be reversed such that the collar 209 and location 
X are immediately proximal the opening 220. 
0094. Best seen in FIG. 23, a helical channel or track 232 

is formed in the outer surface of the cylindrical body 207 of 
the cam 206, extending between the collar 209 and a proximal 
end of the cylindrical body. Riding in the track is a finger 241 
of a follower 240 situated generally between the cam and the 
gear, whose movement is guided by an axial slot 242 formed 
in the gear 204 as the gear is rotated by the knob 202. A distal 
end of the contraction wire 35 is anchored to the finger 241 so 
that the follower draws the contraction wire 35 longitudinally 
relative to the catheter body 12. As a user rotates the knob 202, 
the gear 204 rotates along with its axial slot 242 and the 
follower 240 therein, each orbiting the longitudinal axis of the 
control handle 16. As the follower 240 orbits, it slides in the 
helical channel 232 as guided by the axial slot 242 to move 
distally or proximally relative to the control handle 16. As the 
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follower 240 slides distally, the contraction wire 35 is drawn 
distally. As the follower 240 slides proximally, the contrac 
tion wire is pushed proximally. Such is a means by which 
rotational movement of the outer control knob 202 is con 
Verted to a longitudinal movement of the contraction puller 
member 35. Advantageously, the distance the follower 240 
can travel along the helical track 232 is not limited to and in 
fact can be much greater than the length of the cylindrical 
body 207, for greater range or degree of motion in the catheter 
component controlled by the contraction wire 35. Indeed, the 
distance the follower 240 can travel (and hence amount by 
which the contraction wire 35 can be moved) along the cylin 
drical body 207 depends on the pitch of the helical track 232 
(e.g., width of one complete helix turn) and the diameter of 
the cylindrical body 207. Accordingly, the control knob 202 is 
designed for rotation of at least 360, if not greater. 
0095. The collar 209 of the cam 206 has a radial notch 244 
through which the contraction wire 35 passes to reach the 
body 207. A lip 249 is formed at the proximal end of the body 
207 of the cam 206 as a snap-fit feature to retain the gear 204 
on the body 207. Axial notches 246 allow deflection of the 
proximal end of the cam 207 to facilitate the snap-fit feature. 
Lead wires and other components (e.g., thermocouple wires, 
cables, irrigation tubing) extending through the protective 
tubing 152 can pass through passage 270 between the gear 
204 and the knob 202. 10.0931. In an alternate embodiment, a 
rotational control assembly 200' is illustrated in FIG. 27. 
Selected components are identical or similar; however, dif 
ferences include agearless outer rotational control knob 202'. 
a larger, comparahly-sized gearless inner rotational member 
204 that is generally cylindrical, and a larger, comparably 
sized cam 206", the latter two of which allow all three com 
ponents to share a common longitudinal axis. 
0096. In the illustrated embodiment, the outer rotational 
control knob or ring 202' is mounted on the proximal portion 
116 of the control handle 16'. The knob formed of two halves 
202a, 202'b is received in the outer circumferential recess 
208 (FIG. 31) formed in the outer surface of the control 
handle housing halves 16a", 16b'. The knob 202 is generally 
cylindrical, for example, in the shape of a ring, with an inner 
diameter D3 that is slightly greater the recess 208 so that the 
knob can be rotated within the recess 208. There can be 
circumferential contact between the knob 202' and the handle 
16' so long as the knob can be rotated relative to the handle 16' 
about the longitudinal axis of the control handle. Likewise, an 
outer Surface of the knob has friction-inducing formations 
210 to facilitate rotation of the knob 202 by a user of the 
catheter. A portion of the knob may have a diameter D4 that is 
greater than the outer diameter D2 of the handle. However, the 
inner surface of the knob 202 is generally smooth. 
0097. In this embodiment, the cam 206" has a similar struc 
ture and function to the cam 206 of the foregoing embodiment 
with differences that include a larger outer diameter D8 of the 
cylindrical body 207" so that it can support the inner cylinder 
204' in a generally on-axis or concentric position within the 
control handle and the outer knob 202 and allow the cylinder 
204' and the outer knob 202' to have a common rotational axis. 
The collar 209' of the cam is fixed within a circumferential 
recess 260 formed in the inner surface of the control handle 
housing halves 16a, 16b'. 
0098. For rotationally coupling the outer knob 202 and the 
inner rotational member 204', for example, for engaging and 
imparting rotational movement from the knob 202 to the 
inner rotational cylinder 204", the inner surface of the outer 
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knob 202 and outer surface of the inner cylinder 204' have 
formations, e.g., fingers 250 formed in one that reach into 
matching indentations or holes 252 formed in the other. In the 
illustrated embodiment, there are at least two diametrically 
opposing fingers 250 formed in the inner surface of the outer 
knob 202 that engage with two diametrically opposing 
indents 252 formed in the outer surface of the inner rotational 
cylinder 204'. Thus, as illustrated, the inner cylinder 204' can 
have an outer diameter D7 that is slightly smaller than the 
inner diameter D1 of the proximal portion 116 of the control 
handle. 
0099. The engagement between the fingers 250 and the 
holes 252 occurs through a pair of diametrically opposing 
radial slots 254 formed in the handle housing halves 16a, 16b 
(FIG. 31). The slots 254 extend transversely to the longitudi 
nal axis of the control handle. Where the handle has a circum 
ference C, the length of the each of the two slots can be up to 
about 0.45C, as the joining of the two slots would result in a 
discontinuity in the proximal portion 116 of the housing 
halves. As such, the outer knob 202 can be rotated up to about 
290 degrees in the clockwise direction or in the counterclock 
wise direction. While it may be desirable to avoid a full 
circular slot, it is understood that the control handle can be 
constructed with a full circular slot yet have the proximal 
portion 116 remain connected to the mid and distal portions 
112 and 114, for example, by internal structural connections 
therebetween. The angle of rotation achievable by this 
embodiment is dependent upon the plurality offingers and the 
total material required to maintain adequate rigidity between 
the distal and proximal ends of the control handle 16. 
0100. As a user rotates the knob 202', the fingers 250 rotate 
the inner cylinder 204' which in turn rotates the axial slot 242 
guiding the follower 240 to orbit about the cam 206". The 
follower 240 in turn slides in the helical track 232 moving 
distally or proximally relative to the control handle. As the 
follower 240 slides distally, the contraction wire 35 is drawn 
distally, for example, to contract the mapping assembly 17. 
As the follower240 slides proximally, the contraction wire 35 
is pushed proximally, for example, to expand the mapping 
assembly 17. 
0101. It is understood that relative sizing of the compo 
nents of the rotational control assembly is not limited to the 
illustrated embodiments. In the embodiment of FIGS. 22-25, 
the outer diameter of the gear 204 can range between about 
0.2-0.9 of the inner diameter of the knob 202 so long as there 
is sufficient engagement in the teeth therebetween. In the 
embodiment of FIGS. 26-29, the outer diameter of the cylin 
der 204' can range between 0.2-0.9 of the inner diameter the 
knob 202' So long as the fingers are long enough to reach 
between the cylinder and the knob. For either embodiment, a 
suitable length L of the helical track about the cambody can 
be L-Pi(D-D) where D is the expanded diameter of the 
generally circular main portion 39 of the mapping assembly 
17 and D, is the contracted diameter of the generally circular 
main portion 39. 
0102. It is understood that the rotational control assembly 
uses a barrel-type cam to transform rotational movement of a 
control knob into useful linear deflection. The assembly com 
ponents advantageously utilize minimal space to achieve 
desirable linear motions. 

0103) In use, a suitable guiding sheath is inserted into the 
patient with its distal end positioned at a desired mapping 
location. An example of a suitable guiding sheath for use in 
connection with the present invention is the Preface.TM. 
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Braiding Guiding Sheath, commercially available from Bio 
sense Webster, Inc. (Diamond Bar, Calif.). The distal end of 
the sheath is guided into one of the chamber, for example, the 
atria. A catheter in accordance with the present invention is 
fed through the guiding sheath until its distal end extends out 
of the distal end of the guiding sheath. As the catheter is fed 
through the guiding sheath, the mapping assembly 17 is 
straightened to fit through the sheath. Once the distal end of 
the catheter is positioned at the desired mapping location, the 
guiding sheath is pulled proximally, allowing the deflectable 
intermediate section 14 and mapping assembly 17 to extend 
outside the sheath, and the mapping assembly 17 returns to its 
original shape due to the shape-memory of the Support mem 
ber 54. 

0104. By manipulating and rotating the deflection arm 75 
of the deflection control assembly 74 to deflect the interme 
diate section 14, the mapping assembly 17 is then inserted 
into a pulmonary vein or other tubular region (Such as the 
Superior Vena cava, or inferior Vena cava) so that the outer 
circumference of the generally circular main region 39 of the 
assembly 17 is in contact with a circumference inside the 
tubular region. Turning the deflection arm 75 in one direction 
deflects the intermediate section 14 to that direction. Turning 
the deflection 75 in the opposite direction deflects the inter 
mediate section 14 to that opposite direction. Tension of the 
deflection 75 is adjusted by manipulating and rotating the dial 
101. Turning the dial 101 in one direction increases the ten 
sion. Turning the dial 101 in the opposition direction 
decreases the tension. Preferably at least about 50%, more 
preferably at least about 70%, and still more preferably at 
least about 80% of the circumference of the generally circular 
main region is in contact with a circumference inside the 
tubular region. 
0105. The circular arrangement of the electrodes 26 per 
mits measurement of the electrical activity at that circumfer 
ence of the tubular structure so that ectopic beats between the 
electrodes can be identified. The size of the generally circular 
main region 39 permits measurement of electrical activity 
along a diameter of a pulmonary vein or other tubular struc 
ture of or near the heart because the circular main region has 
a diameter generally corresponding to that of a pulmonary 
vein or the coronary sinus. By manipulating and rotating the 
outer control knob 202, 202 of the rotational assembly 200, 
the assembly 17, in particular, the generally circular main 
region 39, is contracted to fit the pulmonary vein or other 
tubular structure. By turning the knob in one direction, the 
contraction wire is drawn proximally to tighten and decrease 
the diameter of the generally circular region 39. By turning 
the knob in the opposition direction, the contraction wire is 
pushed distally to release the generally circular region 39 and 
expands its diameter. 
0106 The preceding description has been presented with 
reference to presently preferred embodiments of the inven 
tion. Workers skilled in the art and technology to which this 
invention pertains will appreciate that alterations and changes 
in the described structure may be practiced without meaning 
fully departing from the principal, spirit and scope of this 
invention. As understood by one of ordinary skill in the art, 
the drawings are not necessarily to scale. Accordingly, the 
foregoing description should not be read as pertaining only to 
the precise structures described and illustrated in the accom 
panying drawings, but rather should be read consistent with 
and as Support to the following claims which are to have their 
fullest and fair scope. 
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What is claimed is: 
1. A catheter comprising: 
a catheter body; 
a deflectable intermediate section distal the catheter body; 
a mapping assembly distal the intermediate section, the 

mapping assembly having a generally circular portion; 
a control handle proximal the catheter body, the control 

handle having: 
a deflection control assembly; and 
a rotational control assembly having an outer rotational 
member, an inner rotational member and a cam; 

first and second puller members responsive to the deflec 
tion control assembly adapted to deflect the intermediate 
section; and 

a third puller member responsive to the rotational control 
assembly adapted to contract the generally circular por 
tion of the mapping assembly. 

2. A catheter of claim 1, whereina proximal end of the third 
puller member is anchored in the rotational control assembly, 
such that rotation of the outer rotational member by a user 
moves the third puller member longitudinally relative to the 
catheter body. 

3. A catheter of claim 1, wherein the outer rotational mem 
ber generally Surrounds the inner rotational member and the 
inner rotational member is rotatably mounted on the cam, 
wherein the control assembly includes a follower to which a 
proximal end of the third puller member is anchored, the 
follower being adapted to follow the movement of the inner 
rotational member so as to slide in a track formed on the cam. 

4. A catheter of claim3, wherein the track is helical on the 
Cal. 

5. A catheter of claim 3, wherein the outer and inner rota 
tional members are rotationally coupled by formations 
extending therebetween. 

6. A catheter of claim 5, wherein the formations are inter 
locking teeth. 

7. A catheter of claim 5, wherein the formations are fingers 
extending from the outer rotational member into the inner 
rotational member. 

8. A catheter of claim 1, wherein the inner rotational mem 
ber and the outer rotational member have a common rota 
tional axis. 

9. A catheter of claim 1, wherein the outer rotational mem 
ber has a first rotational axis and the inner rotational member 
has a second rotational axis. 

10. A catheter of claim 9, wherein the first rotational axis is 
on axis with a longitudinal axis of the control handle. 

11. A catheter of claim 1, wherein the rotational control 
assembly is proximal of the deflection control assembly. 

12. A catheter of claim 1, further comprising a tension 
control assembly adapted to adjust tension of the deflection 
control assembly. 

13. A catheter of claim 1, wherein the outer rotational 
member is adapted to impart rotation to the inner rotational 
member for moving the third puller member relative to the 
catheter body to contract the mapping assembly. 

14. A multifunctional catheter control handle for use in a 
patient's heart, comprising: 

a deflection control assembly having a deflection arm and 
a rocker member; and 

a rotational control assembly having an outer rotational 
member, an inner rotational member and a cam; 

first and second puller members, each with a proximal end 
anchored to the deflection control assembly; and 
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a third puller member with a proximal endanchored to the 
rotational control assembly. 

15. A control handle of claim 14, wherein the wherein the 
outer rotational member generally surrounds the inner rota 
tional member and the inner rotational member is rotatably 
mounted on the cam, 

wherein the control assembly includes a follower to which 
the proximal end of the third puller member is anchored, 
the follower being adapted to follow the movement of 
the inner rotational member so as to slide in a track 
formed on the cam. 

16. A control handle of claim 15, wherein the track is 
helical on the cam. 

17. A control handle of claim 15, wherein the outer and 
inner rotational members are rotationally coupled by forma 
tions extending therebetween. 

18. A control handle of claim 17, wherein the formations 
are interlocking teeth. 

19. A control handle of claim 17, wherein the formations 
are fingers. 
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20. A control handle of claim 14, wherein the inner rota 
tional member and the outer rotational member have a com 
mon rotational axis. 

21. A control handle of claim 14, wherein the outer rota 
tional member has a first rotational axis and the inner rota 
tional member has a second rotational axis. 

22. A control handle of claim 21, wherein the first rota 
tional axis is on axis with a longitudinal axis of the control 
handle. 

23. A control handle of claim 14, wherein the rotational 
control assembly is proximal of the deflection control assem 
bly. 

24. A control handle of claim 14, further comprising a 
tension control assembly adapted to adjust tension of the 
deflection control assembly. 

25. A control handle of claim 14, wherein the outer rota 
tional member is adapted to impart rotation to the inner rota 
tional member for moving the third puller member relative to 
the catheter body to contract the mapping assembly. 
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